Introduction
In the last decade, the BRIC 2 countries have been researched extensively in the economics and finance literature. One of the first studies researching the significant role of the BRIC economies in the contemporary international economy's structure is Julius (2005) . literature is the BRIC Eurobonds 3 literature, which has not been extensively investigated. A recent paper studying the BRIC countries' debt markets is by Steinbock (2012). Speicifically in ths paper, the prospects for BRIC countries from the Eurozone debt crisis are studied. Peristiani and Santos (2010) reported that the extent of the dominance of the US Eurobond market globally has been reduced as the role of BRIC countries in the international Eurobond market increased. In this paper, BRIC Eurobonds are analyzed using both actual market prices and theoretical prices. Actual prices are the ones obtained in the market.
Theoretical prices are obtained by a pricing model (as suggested by McCulloch, 1971 ) which involves fitting a smooth discount function (which is a cubic spline). Moreover, literature has also not extensively examined the market risk of BRIC Eurobonds. The present paper examines the significance of both market risk and jumps of risk series in the recent financial crisis period 4 .
Market risk is measured by conditional variance (volatility) that is latent; so, market risk is not directly observable. Literature has concentrated on parametric estimators of volatility, like: (i) Generalized AutoRegressive Conditional Heteroskedasticity (GARCH), (ii) Stochastic Volatility (SV), (iii) Exponentially Weighted Moving Average (EWMA) models, among others.
The ex post volatility essentially becomes observable, if the effect of the microstructure noise is low. Contemporary realized volatility estimators, as the ones employed here, minimize such effect. As volatility becomes observable, it can be modeled directly. Andersen and Bollerslev (1998) The sovereign bond ratings from Moody's for the BRIC countries are: Brazil (BBB −), Russia (BBB +), India (BBB −) and China (A +) 8 . There are similarities as well as some differences between the stock exchanges of the BRIC countries. According to Table 1 , China is ranked first and Russia last among BRIC countries in terms of market capitalization, market capitalization to GDP, the MSCI Emerging markets index weights and the S&P/IFC EM Index weights. Brazil and India are ranked in between. China is also ranked first in terms of GDP growth, with India second, Russia third and Brazil last. Notes. Table 1 reports the name of the major stock exchange of each of the BRIC countries, as well as the market capitalization, market capitalization to GDP, the country-weights in the MSCI Emerging markets index, and the S&P/IFC EM Index weights. Market capitalization is in $ millions. Notes. Table 2 reports the symbol, description, country, expiry year, and the indication of actual or theoretical prices series. Theoretical prices are retrieved as in Section 3.1.
Descriptive analysis
Return is the logarithmic difference between two consecutive prices. Table 3 presents descriptive statistics (mean, standard deviation, skewness and kurtosis) as well as the normality hypothesis results (CVM-test and QQ-test) for returns. The mean return as well as the standard deviation are the highest for the Russian Eurobond, compared to others.
Skewness and kurtosis values indicate the distributions of returns in most of the BRIC Eurobonds are skewed to the right (skewness higher than zero) and leptokurtic (kurtosis higher than three). However, the CVM and LB normality tests do not reject the null hypothesis of normality for most of the BRIC Eurobonds. 
Empirical methodology
Bond prices employed, used both actual market prices and theoretical prices. Returns are produced for both actual and theoretical prices. Monthly point estimates of volatility are estimated through three groups of estimators: realized volatility, range and realized rangebased volatility. Then, monthly jumps are detected from two different detection schemes.
Bond pricing
Using bond prices is more reliable than using yields. This is because yields are retrieved from actual bond prices and may be depended on different maturities and coupons. The pricing model involves fiting a smooth discount function to information obtained from observed prices of straight bonds with various coupons and maturities by estimating the coefficients for a linear combination of smooth approximating functions forming a cubic spline. Any coupon bond price maturing at par value and paying a coupon at timei can be expressed as:
equation (1) where P = clean price or the price quoted in the market (as % of par value), C = coupon, Ri = discount rate applicable for period i with T as the final maturity date.
Replacing by, returns equation (2) The discount function di can be expressed as a combination of smooth approximating functions and defines the present value of 1 unit of any numeraine receivable in i years. McCulloch, 1971 and McCulloch, 1975 suggested that the discount function di can be expressed as:
equation (3) where kfi(i) functions are chosen (the value of k varying with the exact model) to estimate d(i)
by a cubic spline and the aj are the estimated parameters of the linear regression. The fi(i), (j = 1,..., k) are chosen so that fj(0) = 0 to force d(0) = 1 and to enable it to be smooth and monotonically nonincreasing. Substituting di with d(i) in the P + AI equation, the price of a bond maturing in T months and paying a coupon at time i can be expressed as follows:
equation (4) In case of a discrete time, it is employed a discount function with two cubic splines, k = 5 and
Then the discount factor is equation (5) where DV1 and DV2 are dummy variables shifting the cubic term of the polynomial for time points. These are the knot points for the cubic spline. When D(i) is substituted in the P + AI equation and an error term is added then, the final form of the pricing model is:
equation (6) where P is the clean price, AI is the accrued coupon, T is the total number of coupons left, h is the date to the first coupon, i = 1 is the number of coupons left to maturity (up to T) and hi is the date of the last cash flow. DV represents dummy variables representing the spline knots if time left to maturity of the bond is greater than t(⋅) *. Taking a large cross section of bonds in a market at a point in time with differing market prices, of diverse coupons and times to maturities and using regression allows the estimation of a, β, γ, γ1, and γ2 using the last equation. The error term in the regression ensures that random effects are captured.
Repeating this exercise over time ensures a time series of a, β, γ, γ1, andγ2.
The estimates of bond prices via the above bond pricing method return the so-called theoretical bond prices, which are indicated as 'the', and market prices are indicated as 'act'.
The risk and jumps of BRIC Eurobonds are compared across ten Eurobonds and the four countries as well as across twelve volatility estimators which are split in three groups (realized volatility, range, and realized range-based volatility). Each group consists of four estimators.
Realized volatility estimators
All realized volatility estimators provide monthly point estimates by using daily equation (7) where t is the indication of the month, i indicates the trading day in a specific t month and m is the number of trading days per month across all realized volatility and range estimators. This notation is consistent across all volatility estimators. Barndorff-Nielsen, Hansen, Lunde, and Shephard (2011)theoretically and empirically examined the realized bipower variation (BPVt ( m ) ). In literature, this estimator is employed to detect jumps because the realized bipower variation has no jumps.
equation (8) where μp = E(|Z|p) is the mean of the pth absolute moment of a standard normal equation (14) where n is the number of months, equation (18) where Ri,m,1
Jumps
The detection scheme employed to detect jumps on the monthly volatility series was introduced in Ait-Sahalia and Jacod (2009) and further examined in Ait-Sahalia and Jacod 
Empirical findings
All measures are based on average values of monthly point estimates of risk and jumps. Risk is measured via the mean magnitude of risk ( ) and the mean Sharpe ratio ( ) as well.
Results for risk are reported inTable 6 and Table 7 Table 8 , Table 9 and Table 10 respectively. 
03)
Notes. Table 4 reports the descriptive statistics of skewness (outside brackets) and kurtosis (within brackets) for the risk estimates of both actual and theoretical BRIC Eurobond prices. Risk estimates are split into three groups:
realized volatility, monthly range-based, and realized range estimates. Table 6 reports the average magnitude of risk (mean volatility) ( ) for both actual and theoretical BRIC Eurobond prices. Risk (volatility) estimates are split into three groups: realized volatility, monthly range, and realized range estimates. All average values reported, are t-test significant in a 5% significance level. Notes. Table 8 reports the mean magnitude of jumps ( ) for both actual and theoretical BRIC Eurobond prices. estimates are split into three groups: realized volatility, monthly range, and realized range estimates. All average values reported, are t-test significant in a 5% significance level. Table 10 reports the average frequency of jump occurrence ( ) for both actual and theoretical BRIC Eurobond prices. estimates are split into three groups: realized volatility, monthly range and realized range estimates. All average values reported, are t-test significant in a 5% significance level.
⁎
Indicates significance if the average frequency of jump occurrence ( ) is higher than 50%. Table 11 .
Theoretical vs actual prices. RV 60% 50% 63% 68% 43% MR 85% 35% 25% 28% 5% RR 55% 68% 55% 60% 15%
Notes. Table 11 reports the average percentage of bonds for which a risk or jump estimate ( , , , and ) is higher for theoretical prices rather than for actual prices. Notes. Table 12 reports the estimators with the highest and (/) lowest values for the corresponding risk and jump measures ( , , , and ). The last column provides the percentage of bonds (across estimators) for which the frequency of occurrence of significant jumps is higher than 50% (J ⁎ ). Table 4 provides summary statistics for the unconditional distribution of the realized volatilities. Volatility series for most of the BRIC Eurobonds and for most of volatility estimators are skewed to the right (skewness higher than zero) and leptokurtic (higher than three). Table 5 deploys results for normality testing. The normality (CVM and QQ) tests do reject the normality null hypothesis for most of the BRIC Eurobonds and across the board of estimators.
The critical value derived under independence for the CVM-test is 0.458 (5%); and for the QQ-test is: 37.65 (5%). Most of volatilities (regardless either the group of estimators or the country they belong to) are not normally distributed. The null hypothesis of normality is not rejected for the MRt ( GK ) , MRt ( RS ) and MRt ( YZ ) estimators. All results for the skewness and kurtosis as well as for the normality testing of the unconditional distribution of volatilities are consistent for both actual and theoretical prices.
Risk
Risk is measured via the mean of magnitude of risk ( ) (Table 6 ) and the mean of Sharpe ratios ( ) (Table 7) . Moreover, the mean magnitude of risk (Rt ) series ( ) coming from theoretical prices (theoretical-price risk) is higher than the mean risk coming from actual market prices (actualprice risk). This result is evident in most of estimators and BRIC bonds. Across most of the eurobonds, the higher the expiry period, the higher the mean magnitude of risk ( ) is.
Average Sharpe ratio ( )
The monthly range group of estimators (MR) has the highest mean of Sharpe ratios ( whereas Todorov and Tauchen (2011) suggest that volatility is a pure jump process with jumps of infinite variation. In the present paper, the significance of jumps is measured via the mean magnitude of jumps ( ) (Table 8 ), the ratio of the mean magnitude of the jump component of risk to the mean magnitude of the continuous component of risk ( ) 10 (Table 9) and the average frequency of jump occurrence ( ) 11 (Table 10 ).
Average magnitude of jumps ( )
The RR realized range (MR monthly range) group of estimators has the highest (lowest) Eurobonds for which the is significant.
Conclusions
Concluding remarks concern results across all significance-measures: two risk significancemeasures ( , and ) and three jump significance-measures ( , and ). The overall significance is evident when most of the significance measures are significant. The significance of each either risk-or jump-measure is indicated as reported in the empirical findings section. Firstly, findings are consistent as far as there are not many differences between the group of the two risk measures and the group of the three jump measures.
Moreover, there are not many differences among the two risk measures and also among the three jump measures. Moreover, all risk and jump measures from theoretical prices are higher than those from actual prices, across bonds and estimators. Across most of the eurobonds and measures, the higher the expiry period, the higher is the significance of risk and jumps. The present paper suggests that theoretical prices are better to be used instead of the actual.
This empirical implication may trigger research on incorporating the theoretical pricing of Eurobonds into modeling, forecasting and investing Eurobonds. As BRICs (Brazil, Russia, India and China) become much larger force in the world economy, the accurate measurement and the properties of BRIC Eurobonds risk will become more important in the international financial markets and academia. The direct implications concern pricing structured products, fund management, the predictability of risk, and international asset allocation. 
